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Background: Biomechanical studies show varying results regarding the elongation of adjustable fixation devices. This has led to
growing concern over the stability of the ToggleLoc with ZipLoop used in anterior cruciate ligament (ACL) reconstruction (ACLR) in vivo.
Purpose/Hypothesis: The purpose of this study was to compare passive knee stability 1 year after ACLR in patients in whom the
Endobutton or ToggleLoc with ZipLoop was used for femoral graft fixation. The hypothesis was that the ToggleLoc with ZipLoop
would be inferior in knee stability to the Endobutton 1 year after primary ACLR.
Study Design: Cohort study; Level of evidence, 2.
Methods: Data from 3175 patients (Endobutton: n¼ 2807; ToggleLoc with ZipLoop: n ¼ 368) were included from the Danish Knee
Ligament Reconstruction Registry (DKRR) between June 2010 and September 2013. Data were retrieved from standardized ACL
forms filled out by the operating surgeon preoperatively, during surgery, and at a clinical examination 1 year after surgery. Passive
knee stability was evaluated using 1 of 2 arthrometers (Rolimeter or KT-1000 arthrometer) and the pivot-shift test. Using the same
database, the number of reoperations performed up to 4 years after primary surgery was examined.
Results: Full data were available for 1654 patients (Endobutton: n ¼ 1538; ToggleLoc with ZipLoop: n ¼ 116). ACLR with both
devices resulted in increased passive knee stability (P < .001). Patients who received the ToggleLoc with ZipLoop were found to
have a better preoperative (P ¼ .005 ) and postoperative (P < .001) pivot-shift test result. No statistically significant difference
regarding the number of reoperations (P ¼ .086) or the time to reoperation (P ¼ .295) was found.
Conclusion: Patients who underwent fixation with the ToggleLoc with ZipLoop had improved passive knee stability 1 year after
surgery, measured by anterior tibial translation and pivot-shift test results, similar to patients who underwent fixation with the
Endobutton. No difference was seen in knee stability or reoperation rates between the 2 devices.
Keywords: Endobutton; ToggleLoc with ZipLoop; ACL reconstruction; cortical fixation device; soft tissue graft
Anterior cruciate ligament (ACL) reconstruction (ACLR) is
one of the most common sports-related surgical procedures
performed.11 This has resulted in the development
of several femoral fixation devices used to attach ACL
grafts.2,16,18 The ideal femoral fixation device should resist
the daily forces to which the graft is exposed, ensuring that
the graft heals in the correct position and that the knee has
optimal stability.4,18,28 Animal studies have shown that the
incorporation of soft tissue autografts into bone takes
between 8 and 12 weeks.12,27 If the ACL is not sufficiently
affixed in the early healing period, migration of the graft
may result, causing looseness, instability, and loss of the
graft and knee function.14,18
Passive knee stability can be measured using various
methods. Anterior tibial translation can be measured
with arthrometers such as the Rolimeter and KT-1000
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arthrometer.5,10,13,22 The Rolimeter has been shown to
provide equivalent anterior tibial translation measure-
ments when compared with KT-1000 arthrometer mea-
surements.1,10 An insufficient ACL is defined as a
difference in tibial translation between a patient’s
knees (side-to-side difference) of 3 mm when using the
KT-1000 arthrometer.6,7,26 The pivot-shift test evalu-
ates ACL rotatory and anterior tibial displacement.17
A positive pivot-shift test result indicates an insuffi-
cient ACL.
There are many different methods of affixing an ACL
graft to the femur, one of which is the cortical fixation
device.4,8,15,21,25 These devices can be used with a trans-
tibial tunnel technique as well. The most commonly used
cortical fixation device in Denmark is the Endobutton
(Smith & Nephew).8 The Endobutton is available in var-
ious fixed-loop lengths.4 The ToggleLoc with ZipLoop
(Zimmer Biomet) is a newer cortical fixation device with
an adjustable suture loop length.2
There is growing concern over the stability of the dif-
ferent cortical femoral fixation devices in vivo. There
has been increased focus on adjustable femoral fixation
devices, such as the ToggleLoc with ZipLoop, because of
possible loop elongation and resulting slackening of the
ACL graft. The biomechanical properties of the Endo-
button and ToggleLoc with ZipLoop have been tested in
various laboratory studies, with results showing that
the ToggleLoc with ZipLoop elongates significantly
more than the Endobutton.2,15,21 Similar results have
been found in animal studies in which the cortical fix-
ation devices have been affixed to the distal end of a
porcine femur.4,15,21 To our knowledge, only 1 clinical
study, by Firat et al,9 has compared ACLR with the
Endobutton versus ToggleLoc with ZipLoop in humans.
Firat et al9 included 46 patients who received the Endo-
button and 32 patients who received the ToggleLoc with
ZipLoop. Two years after ACLR, no significant differ-
ences in knee stability were found when evaluating the
2 patient groups with the KT-1000 arthrometer and the
pivot-shift test. Such conflicting results suggest that
further research with larger cohorts is needed.
The aim of our study was to compare passive knee
stability in patients who underwent primary ACLR
with either the Endobutton or ToggleLoc with ZipLoop
1 year after surgery. Furthermore, the number of reo-
perations and time to reoperation up to 4 years after
primary surgery were compared for each device. The
hypothesis was that at 1-year follow-up, patients under-
going ACLR with the ToggleLoc with ZipLoop would
have greater anterior tibial translation and more fre-
quent pivot shifts than those undergoing ACLR with
the Endobutton.
METHODS
This was a registry-based cohort study. Data from 3175
patients were included from the Danish Knee Ligament
Reconstruction Registry (DKRR)19,23,25 between June
2010 and September 2013. This study complied with the
Declaration of Helsinki and was approved by the Danish
Data Committee.
Study Design
Patients from all hospitals in Denmark were included in
the study if they had undergone primary ACLR with the
femoral fixation device Endobutton or ToggleLoc with
ZipLoop. It was up to the operating surgeon which device
would be inserted. The number of surgeons who operated
on the included patients was not known. Patients undergo-
ing knee surgery involving ligaments other than the ACL
were excluded, as were patients who had undergone previ-
ous ACLR on the opposite control knee. Only single-bundle
ACLR was included. To avoid bias involving possible differ-
ences in revision rates, only patients with hamstring ten-
don autografts24 and whose procedure was performed using
the anteromedial portal25 were included. All forms of tibial
fixation devices were included (Table 1), and we included
both male and female patients of all age groups.
Patients were identified in the DKRR using the Danish
Civil Registration System, a system based on a unique per-
sonal identification number.20 All public and private hospi-
tals in Denmark report to this register, and registration is
compulsory by legislation.23 Data were retrieved from stan-
dardized ACL forms filled out by the operating surgeon
preoperatively, postoperatively, and at a clinical examina-
tion 1 year after surgery, which is standard in Denmark.19
Age, sex, side of injury, knee stability, graft fixation to the
tibia, simultaneous meniscal surgery, perioperative compli-
cations, and duration of surgery were noted. Knee stability
in both the injured knee and opposite control knee was
evaluated using 1 of 2 arthrometers: the KT-1000 arthrom-
eter (MEDmetric Corp) or the Rolimeter (Aircast). Further-
more, the pivot-shift test was performed by the operating
surgeon on the injured knee.
Passive knee stability was only compared in patients in
whom both preoperative and postoperative anterior tibial
translation and pivot-shift test results were available.
Meniscal treatment could not be addressed in this study
because of missing data. Using the same database, we also
noted the number of reoperations of all included patients
from June 2010 to September 2014. Follow-up time was
calculated from the time of primary ACLR to the date of
reoperation or the end of follow-up in September 2014.
Patients were sorted according to their side-to-side
difference in anterior tibial translation: either 3 mm or
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<3 mm.6,7,10,26 Pivot-shift test results were classified as
either normal (grade 0) or abnormal (grade 1 [glide], 2
[clunk], and 3 [gross]).17
Statistical Analysis
All statistical analyses were conducted using SPSS ver-
sion 22 (IBM). The associations between femoral fixation
device and sex, side of injury, preoperative and postoper-
ative anterior tibial translation of <3 mm, preoperative
and postoperative pivot-shift test results, perioperative
complications, and meniscal treatment were compared
using the chi-square test. The McNemar test was used to
compare preoperative and postoperative pivot-shift test
results and anterior tibial translation. Group differences
in age and days of follow-up were compared using the
Mann-WhitneyU test. Logistic regression was used to cal-
culate the odds ratio for reoperations for the Endobutton
against the ToggleLoc with ZipLoop. Data were adjusted
for age and sex. The Hosmer-Lemeshow test was used to
assess the goodness of fit for the logistic regression anal-
ysis. Cox regression was used to compare the time to reop-
eration after primary ACLR for both devices. Data were
adjusted for age and sex. P values .05 in 2-sided tests
were considered statistically significant.
RESULTS
A total of 3175 patients were included: 2807 with the
Endobutton and 368 with the ToggleLoc with ZipLoop.
Full preoperative and postoperative data were recorded
for 1538 patients (54.8%) with the Endobutton and 116
patients (31.5%) with the ToggleLoc with ZipLoop.
Patient demographics are shown in Table 2. The patients
with the Endobutton attended 1-year follow-up at a
mean 382 days postoperatively and patients with the
ToggleLoc with ZipLoop at a mean 381 days
postoperatively.
ACLR with both the Endobutton and ToggleLoc with
ZipLoop femoral fixation devices resulted in increased
passive knee stability, with less anterior tibial translation
(P < .001) and improved pivot-shift test findings (P < .001)
(Table 3). There was no significant difference between the
groups in the number of patients with anterior tibial trans-
lation of <3 mm preoperatively and postoperatively
(Table 4). The mean postoperative anterior tibial transla-
tion was 1.25 mm in the Endobutton group and 0.83 mm in
the ToggleLoc with ZipLoop group. As seen in Table 4, some
patients had an anterior tibial translation of <3 mm pre-
operatively and still underwent ACLR. The reasons for this
are not known. A significant difference in preoperative
pivot-shift test results was found between the Endobutton
and ToggleLoc with ZipLoop groups (P ¼ .005) (Table 5).
Significant between-group differences were also found post-






ZipLoop (n ¼ 116) P
Mean age, y 26.1 25.9 .935
Male sex, n (%) 860 (55.9) 71 (61.2) .268
Injured right knee, n (%) 768 (49.9) 61 (52.6) .582
TABLE 1
Tibial Fixation Devices Included in the Study
%
Endobutton (n ¼ 1538)
Arthrex delta screw 0.3
Arthrex PLLA screw 0.5
Atlantech Bilok screw 1.4
Atlantech metal screw 0.1
Zimmer Biomet PEEK tibial nail (TunneLoc) 0.1
Zimmer Biomet WasherLoc 0.1
DePuy Synthes Intrafix 39.8
DePuy Synthes Biointrafix 1.9
DePuy Synthes Milagro screw 3.9
DePuy Synthes titanium screw 0.1
Inion Hexalon screw 1.0
Kramper 0.3
ConMed PLLA screw (BioScrew) 0.1
Screw/washer 2.0
Smith & Nephew PEEK screw (Biosure) 40.4
Smith & Nephew RCI Calaxo 0.1
Smith & Nephew RCI metal 1.2
Smith & Nephew RCI PLLA 0.1
Smith & Nephew Softsilk metal 0.1
Karl Storz Mega Fix 1.2
Unknown 5.5
ToggleLoc with ZipLoop (n ¼ 116)
Atlantech Bilok screw 7.8
Zimmer Biomet PEEK tibial nail (TunneLoc) 10.3
Zimmer Biomet WasherLoc 0.9
DePuy Synthes Intrafix 25.9
DePuy Synthes Biointrafix 20.7
DePuy Synthes Milagro screw 9.5
Smith & Nephew PEEK screw (Biosure) 12.1
Smith & Nephew RCI PLLA 1.7
Unknown 11.2
TABLE 3
Patients Who Improved in Anterior Tibial Translation





ZipLoop (n ¼ 116)
n (%) P n (%) P
Anterior tibial
translation
1139 (74.1) <.001 89 (76.7) <.001
Pivot-shift test result 918 (59.7) <.001 76 (65.5) <.001
aAnterior tibial translation: 3 mm to <3 mm. Pivot shift:
abnormal to normal.
The Orthopaedic Journal of Sports Medicine ACLR Using Endobutton or ToggleLoc With ZipLoop 3
The patients with the Endobutton (n ¼ 2807) and
ToggleLoc with ZipLoop (n ¼ 368) were followed up for a
mean of 929 and 743 days (P < .001), respectively. In the
Endobutton group, 102 patients (3.6%) underwent a reop-
eration, as did 7 patients (1.9%) in the ToggleLoc with
ZipLoop group. The mean time to reoperation was 560 days
(95% CI, 504.6-614.7) for the Endobutton group and 562
days (95% CI, 349.6-773.8) for the ToggleLoc with ZipLoop
group. No statistically significant difference in the number
of reoperations was found (P ¼ .086). The odds ratio for
reoperations was lower for the ToggleLoc with ZipLoop
group (0.521 [95% CI, 0.240-1.132]) compared with the
Endobutton group; however, the difference was not statis-
tically significant (P ¼ .100). The Hosmer-Lemeshow test
showed adequate fit (P ¼ .794). A calculation of the hazard
ratio showed a similar trend (0.664 [95% CI, 0.308-1.431]),
and again, it was not statistically significant (P ¼ .295).
There were also no statistically significant differences in
perioperative complications between the groups (P ¼ .856).
DISCUSSION
This is the first nationwide registry-based cohort study
comparing passive anterior knee stability 1 year after pri-
mary ACLR in patients with the femoral fixation devices
Endobutton or ToggleLoc with ZipLoop. Both fixation
devices resulted in improvement in passive knee stability
(side-to-side difference and pivot-shift test) 1 year after sur-
gery, but differences between the 2 devices were also iden-
tified. Patients with the ToggleLoc with ZipLoop had
significantly better preoperative and postoperative pivot-
shift test results compared with patients with the Endobut-
ton. This finding could, however, be examiner dependent,
especially if only a minority of surgeons were using the
ToggleLoc with ZipLoop. The number of surgeons in each
group was not known. Similar results were found in a small
study by Firat et al,9 who compared the passive knee sta-
bility of patients with the Endobutton (n ¼ 46) with those
with the ToggleLoc with ZipLoop (n ¼ 32) 2 years after
ACLR. Firat et al9 found no statistically significant differ-
ence between the Endobutton and ToggleLoc with ZipLoop
when evaluating postoperative passive knee stability with
the KT-1000 arthrometer and the pivot-shift test.
Despite the statistically significant difference in pivot-
shift test results found in our study, both groups signifi-
cantly improved in the pivot-shift test after surgery. The
use of either device is not expected to produce any differ-
ences of clinical importance and, therefore, will not affect
the favorability of one device over the other.
The rate of reoperation of the reconstructed ACL was low
for both devices. No statistically significant difference
between the devices was found regarding the risk of re-
operations over time. Reoperations occurred in most cases
in the first 2 years after primary surgery. There was a
significant difference in days of follow-up between the
groups. The mean follow-up time in both groups, however,
exceeded 2 years, ensuring that the majority of reopera-
tions were identified. This finding further indicates the
similar performance of the 2 devices. It should, however,
be noted that in both groups, some patients had postoper-
ative anterior tibial translation of 3 mm and/or a positive
pivot-shift test result.
The fixed-loop length of the Endobutton can offer some
practical challenges when placing the device into position.
The femoral tunnel and the loop length need to match. Mis-
judgment in the femoral tunnel length versus loop length
may result in the Endobutton being too long or too short,
causing problems either with the position of the device or
insufficient graft-bone contact.3
The ToggleLoc with ZipLoop has an adjustable loop, and
therefore, the loop length does not need to be considered
with the same degree of accuracy as when using fixed-loop
devices. Because the loop is adjustable, there is a possible
risk of lengthening.4,15 The final adjustment of the Toggle-
Loc with ZipLoop device may contribute to optimal place-
ment of the graft in the tunnel. Another advantage of
adjustable loop devices is the ability to tension the femoral
side after tibial fixation.
In their biomechanical study, Barrow et al2 found that
the ToggleLoc with ZipLoop elongated by 3 mm after a
mean 2576 ± 73 cycles of testing compared with the Endo-
button, which elongated by a mean 1.34 ± 0.03 mm after
4500 cycles. Kamelger et al15 found that the mean plastic
displacement during device testing ranged from 0.15 ± 0.01
mm after 1000 cycles for the Endobutton CL 20-mm loop to
0.66 ± 0.12 mm for the ToggleLoc with ZipLoop 20-mm loop.
Petre et al21 had similar results, showing that the displace-
ment after 1000 cycles during isolated device testing was
0.11 mm (SD, 0.03) for the Endobutton and 0.82 mm (SD,
0.18) for the ToggleLoc with ZipLoop.
Elongation of the ToggleLoc with ZipLoop seen in biome-
chanical studies did not translate into postoperative clini-
cal knee instability in our patients. There was no
significant difference in the number of patients with a post-
operative anterior tibial translation of <3 mm between the
Endobutton group (mean, 1.25 mm) and the ToggleLoc with
TABLE 4






ZipLoop (n ¼ 116),
n (%) P
Preoperative 103 (6.7) 12 (10.3) .136
Postoperative 1224 (79.6) 100 (86.2) .085
TABLE 5
Patients With a Normal Pivot-Shift Test Result
Preoperatively and Postoperatively
Endobutton
(n ¼ 1538), n (%)
ToggleLoc With
ZipLoop (n ¼ 116),
n (%) P
Preoperative 172 (11.2) 23 (19.8) .005
Postoperative 1079 (70.2) 99 (85.3) <.001
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ZipLoop group (mean, 0.83 mm). The healing process may
account for this discrepancy between the biomechanical
and in vivo studies. The graft is not fully incorporated in
the bone until 8 to 12 weeks after surgery.12,27 The healing
process, however, begins immediately after surgery, when
incorporation of the graft into the bone may give added
support. Postoperative rest and the use of crutches in the
days after surgery are thought to reduce forces that the
ACL graft would otherwise be exposed to, thus promoting
correct graft placement, a faster healing process, and ulti-
mately, added stability to the knee. The threshold for elon-
gation of the ToggleLoc with ZipLoop might, therefore, not
be reached because of the extra support provided by graft-
bone incorporation and the use of crutches. This added sup-
port is not present in biomechanical studies, in which the
ToggleLoc with ZipLoop device must stand alone in holding
the graft in place against various loads.4
Another problematic factor in biomechanical studies is
the difference in the load angle. All loads added to the fem-
oral fixation device are pulled in a straight line through the
femoral tunnel. This results in maximal load transfer to the
femoral fixation device. The loading force would rarely be
that linear in vivo.15,21 Therefore, the loads that the fem-
oral fixation device has to resist may be lower in vivo. The
loading threshold for elongation might not be exceeded as
easily in vivo, and this could explain why the ToggleLoc
with ZipLoop does not elongate to the same extent as seen
in biomechanical studies.
Limitations
This study has several strengths and limitations, as it is
based on data from a national clinical registry. The DKRR
is a large national database. All public and private hospi-
tals in Denmark report to this register, and registration is
compulsory by legislation. This is a clear strength for the
quality of the data. Furthermore, the DKRR provides an
unselected study population because of unrestricted and
free access to health care in Denmark. A national clinical
registry has, however, several limitations. Full preopera-
tive and postoperative data were recorded for only 54.8% of
patients with the Endobutton and 31.5% of patients with
the ToggleLoc with ZipLoop. A substantial amount of data
was missing, as some patients did not undergo the 1-year
clinical examination. It is unlikely that the lack of these
data is associated with knee instability and revision
because data collection is prospective and the registration
of primary ACLR is independent of the registration of later
revision. The revision rate was low in both groups.
The use of several different tibial fixation devices, as
seen in Table 1, is a confounder and can potentially affect
passive knee stability and the revision rate. To increase the
number of patients included in the study, all tibial fixation
devices were accepted. There are other possible confoun-
ders, such as differences in physical activity levels, quality
of rehabilitation, and patient compliance, that have not
been taken into account.25 Patient-reported outcome data
and return-to-sport data were missing in this study. Menis-
cal treatment could not be addressed because of missing
data. The clinical examination was, at most hospitals,
carried out by the same surgeon who performed the surgi-
cal procedure, which could have introduced bias in relation
to the interpretation of surgery outcomes. This danger is,
however, present for both fixation devices. The number of
surgeons in each group was not known. If fewer surgeons
used the ToggleLoc with ZipLoop, the risk of interpretation
bias would increase.
CONCLUSION
Despite the findings of biomechanical studies, it appears
that the ToggleLoc with ZipLoop provided knee stability
that was at least as good as the Endobutton. Patients in
both the Endobutton and ToggleLoc with ZipLoop groups
had improved passive knee stability 1 year after ACLR, as
assessed by anterior tibial translation and the pivot-shift
test. The elongation seen in biomechanical studies did not
translate into postoperative clinical knee instability in our
patients. No statistically significant difference between the
2 devices could be documented regarding the number of
reoperations and the time to reoperation. Further clinical
studies are needed to evaluate the performance of adjust-
able and fixed-loop devices.
ACKNOWLEDGMENT
The authors acknowledge the support from statistician
Thomas Kallemose at the Department of Orthopedic Sur-
gery and Clinical Research Centre, Copenhagen University
Hospital, and quality consultant Anne Haagen Hjelm at the
Registry Support Centre of Clinical Quality and Health
Informatics (West).
REFERENCES
1. Balasch H, Schiller M, Friebel H, Hoffmann F. Evaluation of anterior
knee joint instability with the Rolimeter: a test in comparison with
manual assessment and measuring with the KT-1000 arthrometer.
Knee Surg Sports Traumatol Arthrosc. 1999;7(4):204-208.
2. Barrow AE, Pilia M, Guda T, Kadrmas WR, Burns TC. Femoral sus-
pension devices for anterior cruciate ligament reconstruction: do
adjustable loops lengthen? Am J Sports Med. 2014;42(2):343-349.
3. Beynnon BD, Johnson RJ, Abate JA, Fleming BC, Nichols CE. Treat-
ment of anterior cruciate ligament injuries, part I. Am J Sports Med.
2005;33(10):1579-1602.
4. Conner CS, Perez BA, Morris RP, Buckner JW, Buford WL, Ivey FM.
Three femoral fixation devices for anterior cruciate ligament recon-
struction: comparison of fixation on the lateral cortex versus the ante-
rior cortex. Arthroscopy. 2010;26(6):796-807.
5. Daniel DM, Malcom LL, Losse G, Stone ML, Sachs R, Burks R. Instru-
mented measurement of anterior laxity of the knee. J Bone Joint Surg
Am. 1985;67(5):720-726.
6. Daniel DM, Stone ML, Dobson BE, Fithian DC, Rossman DJ, Kaufman
KR. Fate of the ACL-injured patient: a prospective outcome study. Am
J Sports Med. 1994;22(5):632-644.
7. Daniel DM, Stone ML, Sachs R, Malcom L. Instrumented measure-
ment of anterior knee laxity in patients with acute anterior cruciate
ligament disruption. Am J Sports Med. 1985;13(6):401-407.
8. Danish Knee Ligament Reconstruction Registry. Dansk Korsba˚nds
Rekonstruktions Register, A˚rsrapport 2015. Available at: https://
www.sundhed.dk/content/cms/0/4700_aarsrapport_2015_
dkrrfinal22062015.pdf. Accessed June 26, 2016.
The Orthopaedic Journal of Sports Medicine ACLR Using Endobutton or ToggleLoc With ZipLoop 5
9. Firat A, Catma F, Tunc B, et al. The attic of the femoral tunnel in
anterior cruciate ligament reconstruction: a comparison of outcomes
of two suspensory femoral fixation systems. Knee Surg Sports Trau-
matol Arthrosc. 2014;22(5):1097-1105.
10. Ganko A, Engebretsen L, Ozer H. The Rolimeter: a new arthrometer
compared with the KT-1000. Knee Surg Sports Traumatol Arthrosc.
2000;8(1):36-39.
11. Gasser S, Uppal R. Anterior cruciate ligament reconstruction: a new
technique for Achilles tendon allograft preparation. Arthroscopy.
2006;22(12):1365.e1-e3.
12. Goradia VK, Rochat MC, Grana WA, Rohrer MD, Prasad HS. Tendon-
to-bone healing of a semitendinosus tendon autograft used for ACL
reconstruction in a sheep model. Am J Knee Surg. 2000;13(3):
143-151.
13. Hatcher J, Hatcher A, Arbuthnot J, McNicholas M. An investigation to
examine the inter-tester and intra-tester reliability of the Rolimeter
knee tester, and its sensitivity in identifying knee joint laxity. J Orthop
Res. 2005;23(6):1399-1403.
14. Johnson JS, Smith SD, LaPrade CM, Turnbull TL, LaPrade RF,
Wijdicks CA. A biomechanical comparison of femoral cortical
suspension devices for soft tissue anterior cruciate ligament
reconstruction under high loads. Am J Sports Med. 2015;43(1):
154-160.
15. Kamelger FS, Onder U, Schmoelz W, Tecklenburg K, Arora R, Fink C.
Suspensory fixation of grafts in anterior cruciate ligament reconstruc-
tion: a biomechanical comparison of 3 implants. Arthroscopy. 2009;
25(7):767-776.
16. Kleweno CP, Jacir AM, Gardner TR, Ahmad CS, Levine WN. Biome-
chanical evaluation of anterior cruciate ligament femoral fixation tech-
niques. Am J Sports Med. 2009;37(2):339-345.
17. Kopf S, Kauert R, Halfpaap J, Jung T, Becker R. A new quantitative
method for pivot shift grading. Knee Surg Sports Traumatol Arthrosc.
2012;20(4):718-723.
18. Kousa P, Jarvinen TLN, Vihavainen M, Kannus P, Jarvinen M. The
fixation strength of six hamstring tendon graft fixation devices in
anterior cruciate ligament reconstruction, part I: femoral site. Am J
Sports Med. 2003;31(2):174-181.
19. Lind M, Menhert F, Pedersen AB. The first results from the Danish
ACL reconstruction registry: epidemiologic and 2 year follow-up
results from 5,818 knee ligament reconstructions. Knee Surg Sports
Traumatol Arthrosc. 2009;17(2):117-124.
20. Pedersen CB. The Danish Civil Registration System. Scand J Public
Health. 2011;39(suppl 7):22-25.
21. Petre BM, Smith SD, Jansson KS, et al. Femoral cortical suspension
devices for soft tissue anterior cruciate ligament reconstruction: a
comparative biomechanical study. Am J Sports Med. 2013;41(2):
416-422.
22. Pugh L, Mascarenhas R, Arneja S, Chin PYK, Leith JM. Current con-
cepts in instrumented knee-laxity testing. Am J Sports Med. 2009;
37(1):199-210.
23. Rahr-Wagner L, Lind M. The Danish Knee Ligament Reconstruction
Registry. Clin Epidemiol. 2016;8:531-535.
24. Rahr-Wagner L, Thillemann TM, Pedersen AB, Lind M. Comparison of
hamstring tendon and patellar tendon grafts in anterior cruciate liga-
ment reconstruction in a nationwide population-based cohort study:
results from the Danish registry of knee ligament reconstruction. Am J
Sports Med. 2014;42(2):278-284.
25. Rahr-Wagner L, Thillemann TM, Pedersen AB, Lind MC. Increased
risk of revision after anteromedial compared with transtibial drilling of
the femoral tunnel during primary anterior cruciate ligament recon-
struction: results from the Danish Knee Ligament Reconstruction
Register. Arthroscopy. 2013;29(1):98-105.
26. Rangger C, Daniel DM, Stone ML, Kaufman K. Diagnosis of an ACL
disruption with KT-1000 arthrometer measurements. Knee Surg
Sports Traumatol Arthrosc. 1993;1(1):60-66.
27. Rodeo SA, Arnoczky SP, Torzilli PA, Hidaka C, Warren RF. Tendon-
healing in a bone tunnel: a biomechanical and histological study in the
dog. J Bone Joint Surg Am. 1993;75(12):1795-1803.
28. Shelton WR, Fagan BC. Autografts commonly used in anterior cruci-
ate ligament reconstruction. J Am Acad Orthop Surg. 2011;19(5):
259-264.
6 Asmussen et al The Orthopaedic Journal of Sports Medicine
